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ABSTRACT 



Induction of an antigen-specific T-lymphocyte response in a T- 
lymphocyte culture, e.g. a primary cytotoxic T-lymphocyt (CTL) 
response, by loading antigen-presenting vehicles which carry empty 
MHC molecules with an antigen-derived T-cell- immunogenic MHC~ 
binding peptide, culturing T-lymphocytes in the presence of the 
peptide-loaded antigen-presenting vehicles under specific 
T-lymphocyte response-inducing conditions. Optionally, an antigen- 
specific T-lymphocyte is isolated from the resulting culture and 
cultured. The process can be used for preparing CTL which are 
specific for viral or other foreign antigens, or CTL which are 
specific for autologous peptides. The process can also be used for 
the identification of peptides that are capable of binding to MHC 
and inducing a T cell response. 



»^^r.if^r T-lvmphocyte response 
Title: Induction of an antigen-specif xc T ±ymp y 



^« 4o the field of immunology and relates more 
The invention xs in the riexa « m_ 
^^oniar to a process which induces an antigen-specific T 
xn particular to a proce T- lymphocytes 

5 lymphocyte response m a preferably nai ^„^^„en- 
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10 diseases caused by, e.g. a virus oir a 

tntigen is derived. Antigen-specific T-lymphocytes may also be 
u ef'ul When they have specificity for an autologous an.xgen. 
^«^.nce as a therapeutic agent against tumor cells which differ 
T ZIZ JlTs Z an increased expression of said autologous 
from normal cells by autologous antigen, 

ici =,ni-iaen or by expression of a mutant oi 

" '"'TpeptiL lich is .lerive. frc el.he. a heterologous or an 

^,nrf is capable of binding to a major 
aot-oloaous antigen ana xs caf**^*'^ 
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11 =.nH •! <! also capable of inducing a t ceii 
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antigen p „tilitv in pharmaceutical compositions, 

20 response, may also have utility in p purposes. The 

either for vaccinating purposes or for therapeutic P 
iltention relates to a process that can be used to identify such 
peptides • 

25 nn-l-ir"""'' mYBntion 

initiation of anti,en-specl£ic T lymphocyte responses in 
vitro usually requires lymphocyte populations fron, inunun.red 
alimals or human hein,3, because the precursor 
30 antigen-specific T-cells in naive (noh-immunized, indivxduals 



very low. For example in mice approximately one in 10^ total spleen 
cells or one in 3x10^ splenic T cells is an antigen-specific CTL 
precursor (1) , Therefore induction of antigen-specific T cell 
responses in vitro generally requires vaccination in vivo with 
antigen or antigen-pulsed (e.g. virus-infected) cells, followed by 
secondary restimulat ion in vitro. Bypassing of the need for in 
vivo inununization is desirable, especially for the generation of 
CTL responses against viruses and other antigens, such as tumor 
associated peptides, because it would allow rapid screening of 
peptides with proven binding ability to a given MHC class I allele 
for their capacity to induce CTL responses, without the 
requirement for vaccination. The invention aims at circumventing 
the need for in vivo immunization to identify MHC binding peptides 
that are capable of CTL response induction. Initiation of CTL 
responses requires recognition of small peptides, 8-11 amino acids 
in length, presented in the antigen presenting groove of MHC class 
I molecules to CDS* CTL precursor cells (2-5) . Usually CD4"^ T- 
helper cells are required for optimal CTL responses (6, 7) . up 
till now, in vitro CTL response induction against virus-induced 
antigen presenting cells (APC) or viral peptide-loaded APC has 
only been succesful with virus-infected or viral peptide loaded 
dendritic cells (DC) (8) • 

The purpose of the present invention is to provide a more 
convenient and reproducible method to Induce T-cell responses, 
more particularly primary CTL responses against MHC class I 
binding peptides, without the need for in vivo immunization. 

Summary of the invention 

As indicated above, up till now in vitro CTL response 
induction against virus-induced antigen presenting cells (APC) or 
viral peptide-loaded APC has only been succesful with virus- 
infected or viral peptide loaded dendritic cells (8) . We found 
that peptide-loaded so-called "(antigen) processing" defective 
cells can also be used for that purpose. The latter methodology. 



J. j^y' Lici vjy, i-iit: i>uujc:-c o£ cne currenc pauenc 

application. 

The crux of the invention is that the use of antigen 
processing defective cells leads to such an improvement of the 
stimulatory signal that primary peptide-specif ic CTL responses can 
now be induced from very low numbers of specific peptide- 
recognizing CTL precursors. The reason why the stimulatory signal 
is so much improved is that the effective specific peptide/MHC 
class I density on exogenous peptide-loaded antigen processing 
defective cells is much increased in comparison with parental cell 
lines without the antigen processing defect as illustrated in our 
publication (9) and in examples 1 and 2. 

At the present time we have been able to induce primary CTL 
responses against both peptide-loaded murine processing defective 
RMA-S cells (9) and against peptide loaded processing-defective 
human T2 cells (Melief & Kast, unpublished observations) . 

An important reason why peptide-loaded processing-defective 
cell lines can and parental cells cannot induce primary peptide- 
specific CTL responses is that the former cells express more 
relevant peptide-loaded MHO class I molecules than the latter. A 
much larger concentration of peptide is required to initiate 
primary CTL responses than is needed for sensitization of target 
cells (9) • In addition, it has been reported by others that the T 
cell receptor and CD8 molecules on the CTL must interact with the 
same MHC molecule filled with relevant peptide <10, 11) , 

The biologic relevance of peptide-induced primary CTL 
responses follows from the observation that peptide-induced 
primary CTL efficiently lyse virus-infected cells. Moreover 
vaccination with one of the peptides capable of primary CTL 
response induction, the Sendai virus 16-mer peptide 
HGEFAPGNYPALWSYA, induces CTL memory in vivo, associated with 
protection against otherwise lethal Sendai virus doses (12) . 
Similarly we have shown that viral peptide-specif ic CTL can 
eradicate large tumors (reviewed in 13 and 14) . 

The processing defective mutant murine cell line RMA-S 
expresses < 10% of the amount of H-2 mhC class I heavy chains 



and p2 microglobulin at the cell surface at 37*^0 in comparison with 
the parental line RMA (15, 16) . Culture of RMA-S cells at reduced 
temperature ( 19-33*^0 allows significant levels of cell surface 
expression of MHC class I molecules, only a few of which contain 
the endogenously derived peptides, the majority of these MHC 
molecules being empty (17) . Those empty MHC molecules can be 
stabilised by addition of MHC binding peptides (18) . Recent 
evidence has conclusively shown that this failure to load MHC 
class I molecules with endogenous peptides is due to a mutation in 
a peptide pump encoding gene, HAM-2, located within the MHC class 
II region (19) . 

In the absence of competition by endogenous peptides the 
empty MHC class I molecules can be filled efficiently and 
uniformly with an exogenous MHC class I binding peptide of choice. 
The level of MHC class I expression achieved by exogenous peptide 
incubation associated with MHC stabilisation never reaches the 
level of MHC class I on the parental cells. However, with respect 
to antigen presentation this is more than compensated by the 
uniform loading with a single immunogenic peptide (9) , 

The invention provides a process of inducing an antigen- 
specific T-lymphocyte response in a T-lymphocyte culture, 
comprising the steps of loading antigen-presenting vehicles 
which carry empty MHC molecules with an antigen-derived T- 
cell-immunogenic MHC-binding peptide^ culturing T-lymphocytes 
in the presence of the peptide-loaded antigen-presenting 
vehicles under specific T-lymphocyte response-inducing 
conditions, and, optionally, isolating an antigen-specific T- 
lymphocyte from the resulting culture and culturing said 
isolated T-lymphocyte . 

In a preferred embodiment, said antigen-presenting 
vehicles which carry empty MHC molecules comprise antigen- 
presenting cells having an antigen-processing defect. 

It is also preferred that said antigen-presenting cells 
having an antigen-processing defect are loaded with peptide 
at a temperature of from about 20^C to about 37**C. 



More specifically, the invention provides a process of 
inducing an antigen-specific cytotoxic T-lymphocyte . (CTL) 
response in a T-lymphocyte culture, comprising the steps of 
loading antigen-presenting vehicles which carry empty MHC 
5 Class I molecules with an antigen-derived T-ce 11- immunogenic 
MHC Class I-binding peptide, culturing T-lymphocytes 
comprising CD8+ T-cell precursors in the presence of the 
peptide-loaded antigen-presenting vehicles under specific CTL 
response- inducing conditions, and, optionally, isolating an 
10 antigen-specific CTL from the resulting culture and culturing 
said isolated CTL, 

Said antigen-presenting vehicles which carry empty MHC 
molecules preferably comprise antigen-presenting cells having 
an antigen-processing defect, such as murine RMA-S cells or 
15 human 174 .CEM T2 cells. 

Preferably, said antigen-presenting vehicles which carry 
empty MHC molecules in addition carry molecules which promote 
T-cell response initiation. 

It is further preferred that said antigen-presenting 
20 vehicles which carry empty MHC Class I molecules are loaded 
with an antigen-derived T-cell-immunogenic MHC Class I- 
binding peptide having from about 8 to about 11 amino acids. 

Said culturing under specific CTL response- inducing 
conditions of T-lymphocytes comprising CDS"*" T-cell precursors 
25 is preferably carried out in the presence of both the 

peptide-loaded antigen-presenting vehicles and substances 
supporting said CTL response initiation culture. 

In a specifically preferred embodiment of the invention, 
said antigen-specific CTL response is a primary CTL response 
30 induced in a naive T-lymphocyte culture. 

In another specifically preferred embodiment of this 
invention, said CTL response is specific for an autologous 
antigen from which said T-cell immunogenic MHC Class I- 
binding peptide is derived, 
35 This invention also covers a process of inducing an 

antigen-specific helper T-lymphocyte response in a T- 



isolating an antigen-specific helper T-lymphocyte from the 
resulting culture and culturing said isolated helper 

10 T-lymphocyte, 

In such a process, said antigen-presenting vehicles 
which carry empty MHC Class II molecules are preferably 
loaded with an antigen-derived T-cell-immunogenic MHC Class 
Il-binding peptide having from about 10 to about 18 amino 

15 acids. 

The invention further provides an antigen-specific T- 
lymphocyte obtained by the above process of inducing an 
antigen-specific T-lymphocyte response in a T-lymphocyte 
culture, comprising the steps of loading antigen-presenting 

20 vehicles which carry empty MHC molecules with an antigen- 
derived T-cell-immunogenic MHC-binding peptide, culturing T- 
lymphocytes in the presence of the peptide- loaded antigen- 
presenting vehicles under specific T-lymphocyte response- 
inducing conditions. Isolating an antigen-specific 

25 T-lymphocyte from the resulting culture and culturing said 
isolated T-lymphocyte. 

This invention also covers a pharmaceutical composition 
comprising an immunologically effective amount of an antigen- 
specific T-lymphocyte and a carrier, diluent or adjuvant 

30 therefor, said antigen-specific T-lymphocyte being obtained 
by the above process of inducing an antigen-specific T- 
lymphocyte response in a T-lymphocyte culture, comprising the 
steps of loading antigen-presenting vehicles which carry 
empty MHC molecules with an antigen-derived T-cell- 

35 immunogenic MHC-binding peptide, culturing T-lymphocytes in 
the presence of the peptide-loaded antigen-presenting 



vehicles under specific T-lymphocyte response-inducing 
conditions, and, optionally, isolating an antigen-specific T- 
lymphocyte from the resulting culture and culturing said 
isolated T-lymphocyte. 
5 In addition, the invention covers a pharmaceutical 

composition comprising an immunologically effective amount of 
an antigen-derived T-cell- immunogenic MHC-binding peptide and 
a carrier, diluent or adjuvant therefor, wherein said 
antigen-derived T-cell-immunogenic MHC-binding peptide is 

10 capable of inducing an antigen-specific T-lymphocyte response 
in the above process comprising the steps of loading antigen- 
presenting vehicles which carry empty MHC molecules with the 
antigen-derived T-cell-immunogenic MHC-binding peptide, and 
culturing T-lymphocytes in the presence of the peptide- loaded 

15 antigen-presenting vehicles under specific T-lymphocyte 
response-inducing conditions. 

As indicated before, t.ho invention also provides a process of 
identifying T-cell-immunogenic peptides in a group of candidate 
peptides, comprising the stcp:j of synthesizing the candidate 

20 peptides, testing which of t^h^se candidate peptides is capable of 
binding to empty MHO molccu.ci; carried by antigen-presenting 
vehicles, and testing which of the MHC-binding peptides is capable 
of inducing a peptide-spt* c : f ic T-lymphocyte response in a 
T-lymphocyte culture . 

25 Preferably, said anr i c'-n-present ing vehicles which carry 

empty MHO molecules compciw^; antigen-presenting cells having 
an antigen-processing dcft-jt, auuh as murine RMA-S cells or 
human 174. CEM T2 cells. 

30 nef.ailed dfifi^ript i on of t:.- ir.v^r.tlQn 

The present invcnr : r. ;r v.J'.*s methodology to induce primary 
MHC-binding pept ide-spc : * : trtoxic T lymphocyte responses, 
thus bypassing the nof i f : . • v . vo immunization* 
35 The method is bdr.v : . --c of antigen presenting cells 

that express "empty- KH : : .Toiecules due to an antigen 



processing defect that precludes loading of MHC class I molecules 
with endogenous peptides. As a result these APC can be efficiently 
loaded with a single exogenous MHC class I binding peptide of 
choice. Addition of human p2-mi croglobulin augments the expression 
of peptide loaded MHC molecules and improves primary CTL response 
induction . 

These exogenous peptide-loaded cells in contrast to peptide- 
loaded parental cells without the processing defect are capable of 
primary CTL response induction. The invention includes all 
methodologies to Induce primary T cell responses with responding 
lymphocyte populations from non-immunized "naive" individuals that 
are based on the principle of more efficient pept ide-presentation 
utilizing exogenous peptide-f illed MHC molecules. 

This methodology allows identification of MHC binding 
peptides capable of T cell response induction against both foreign 
and autologous peptides, entirely by in vitro procedures. 

1. Antigen processing defective cell lines and other empty MHC 
molecule bearing antigen presenting vehicles suitable to induce 
primary T cell responses 

The invention utilizes processing defective cell lines of 
mammalian origin. These cell lines have a defect in one of the 
cellular gene products responsible for peptide transport into the 
subcellular compartment where peptide loading into MHC class I or 
MHC class II molecules takes place. The prototype processing 
defective cell lines are RMA-S of murine origin <15, 18) and 
174. CEM T2 of human origin (20). The processing defect does not 
need to be complete, as long as an unusually large proportion of 
cell surface MHC class I (or class II) molecules is devoid of 
endogenously processed peptide. The 174. CEM T2 cell line for 
example has signal peptides bound to its cell surface MHC class I 
molecules that can apparently cross from the cytoplasm into the 
endoplasmic reticulum despite the processing defect (21) . Likewise 
the antigen processing defect in RMA-S cells is not complete (23/ 
24) . Still, both cell lines, in contrast to their parental 
counterparts, are capable of primary CTL response induction, when 



appropriately loaded with MHC class I binding immunogenic 
peptides. In the case of RMA-S the processing defect is located in 
the HAM-2 gene located within the MHC class II region, 
Transf action of the intact HAM 2 gene or its rat analogue MTP-2 
5 restores processing by RMA-S of endogenous peptides (19, 24), It 
is likely that the 174. CEM T2 line has a very similar processing 
defect as a result of a large deletion in the HLA class II region, 
including the human analogues of HAM 1 and 2, as well as a 
proteasome-encoding region that may be involved in the generation 

10 of cytoplasmic peptides from proteins. 

The basic principle of the invention is expression in 
processing defective cells of empty MHC class I or class II 
molecules that can be loaded with exogenous (i.e. added from the 
outside) immunogenic peptides and which can serve as a highly 

15 efficient vehicle for antigen presentation. Therefore the 

invention is extended to all antigen presenting lipid bilayer 
carrying vehicles incorporating empty MHC molecules that can be 
loaded with exogenous peptides. This includes all animal, plant, 
insect or other cells carrying native or foreign empty MHC 

20 molecules or artificial lipid bilayer systems carrying empty MHC 

molecules such as liposomes incorporating empty MHC molecules. The 
invention comprises presentation of peptides bound to MHC class I 
molecules to CD8+ T-cell precursors as well as presentation of 
peptides bound to MHC class II molecules to CD4+ T cell precursors. 

25 

2, Loading of empty MHC molecules on processing defective cell 
lines and other empty MHC molecule bearing antigen-presenting 
vehicles with exogenous immunogenic peptides 

Processing defective cell lines and said empty MHC molecule 

30 bearing antigen-presenting vehicles are loaded with exogenous 

immunogenic peptides of defined length (8-11 amino acids for MHC 
class I loading; approximately 10-18 amino acids for MHC class II 
loading) in serum free medium. To prevent rapid degradation of MHC 
molecules the temperature during incubation with MHC binding 

35 peptide may be lowered to 20-30 degrees Centrigrade. In the case 
of peptide loading of the MHC class I molecules on the murine 



5 improve the level of peptide bound to MHC class I molecules. 

Addition of human p2-microglobulin further enhances peptide- 
loaded MHC Class I expression on both murine RMA-S cells and human 
174. GEM T2 cells. Subsequent primary CTL response induction is 
also enhanced* 

10 Once peptide has bound to MHC molecules these molecules are 

stabilized. This results in increased cell surface expression of 
MHC molecules^ largely filled with a unique immunogenic peptide of 
choice . 

The peptide loaded cells are now ready for antigen 
15 presentation to T lymphocytes in cultures at 37**C. To improve 
subsequent antigen presentation the processing defective cell 
lines or said noncellular antigen presenting vehicles can be 
equipped with additional molecules that can serve as costimulatory 
signals for T cell response initiation such as the B7 molecule 
20 (ligand for CD28 in T cellw), accessory molecules such as ICAM^l 
or ICAM'2 (ligands for LFA-1 on T cells), or any other molecule 
that further promotes the efficiency of T cell response 
initiation. Expression of thcco costimulatory molecules is 
achieved by transfection in tn*: case of processing defective cell 
25 lines or by biochemical prr.crclures in the case of noncellular 
antigen presenting vehicles, as incorporation of purified 

accessory molecules. 

3, Cell culture for induction of primary T cell responses with 
30 peptide loaded procesiin7 i'«frrMve cell lines or other peptide 

loaded antigen presenting v-r . .v-s and responding lymphocytes from 

naive individuals 

Lymphocytes from nt n- . ... . -:«?cl individuals are cocultured 

with peptide-loaded pre?'-:::: ; defective cells or other empty MHC 
35 molecule bearing antiq^n ; Tf^^^^r.r \ng vehicles at 37^C for a 

sufficient length of t i.r.r • rxt md a small number of specific 



antigen responsive precursor cells. Once the T cell response is 
initiated, the cultures may be rest imulated in various ways, 
including peptide presentation on antigen presenting cells without 
processing defect. Alternatively, if the response is strong enough 
to measure a specific T cell response, the cultures need not be 
rest imulated. 

Media to support the response initiation cultures may be 
serum-free or serum-containing and may or may not contain extra 
cytokines or other supplements. 

4, Source of peptides capable of T cell response induction 

Peptides used for T cell response initiation can be foreign 
peptides derived from the sequence of e.g. infectious agents or 
autologous peptides. Response initiation against foreign peptides 
is Important to identify target peptides of responses against 
infectious agents. Response initiation against autologous peptides 
is important for identification of target peptides for T cell 
based immune eradication of non-virus induced cancer or for 
identification of peptides recognized by T cells involved in 
autoimmune disease. We have shown that T cell response initiation 
is possible against immunodominant peptides using peptide loaded 
murine RMA-S antigen presenting cells ( (9) and example 1) . We have 
also proven that T cell response initiation against an autologous 
peptide of the p53 tumor suppressor molecule is possible with p53 
peptide loaded 174,CEM.T2 antigen presenting cells (example 2) • 

BXftMFLS 1 

Primary CTL response induction against Sendai or adenovirus 
peptides loaded into empty K*^ and MHC class I molecules, 
respectively, at the surface of processing defective RMA-S cells 

This example of primary CTL response induction has been 
published on 27 november 1991 (9) , An excerpt of this publication 
relevant to this patent application is given below. 



5 specific pathogen-free conditions. Notably the mice used in these 
experiments were free of Sendai virus and had never been in 
contact with Sendai virus as tested serologically in an ELISA. 

2, Peptides 

10 Peptides were synthesized on a Biosearch (Millipore, Bedford, 

MA) 9500 peptide synthesizer according to Merrifield (25), 
dissolved in PBS or serum-free Iscove's modified Dulbecco's medium 
(IMDM, Flow Laboratories, Irvine, Scotland) and stored at -20**C, 
The AdS ElA peptide (A16: amino acid (aa) sequence 232-247) 

15 encompasses the immunodominant CTL epitope of adenovirus type 5 
for H-2D*^ restricted CTL and was shown to be recognized by a CTL 
clone capable of eradicating adenovirus El-induced tumors (26) . A 
synthetic peptide (316: sequence 321-336) containing the immuno- 
dominant CTL epitope of Sendai virus nucleoprotein for H-2K^- 

20 restricted CTL (12) was used. Only the Sendai peptide of 9 aa (S9: 
aa sequence 234-332) is able to bind with high affinity to MHC 
class I molecules (4) . This peptide is also present as a minor 
species in preparations of synthetic peptides larger than nine aa 
(4) . The single letter code sequence of 516 is HGEFAPGNYPALWSYA, 

25 the sequence of S9 is FAPGNYPAL and the sequence of A16 is 
CDSGPSNTPPEIHPW, 

3* Induction of primary CTL responses 

RMA-S or RMA ceils were pre-cultured for 36h at 22''c or 37**C 

30 in IMDM medium supplemented with 2% human pooled serum, penicillin 
(100 lU/ml), kanamycin (100 jig/ml), S and 2-ME (2x10^^ M) . The 
cells were irradiated at 7500 rad or mitomycin C treated (50 jig/ml) 
in serum-free medium, 2 h at 22^0), washed three times and' 
subsequently incubated for 4 h with or without synthetic peptides, 

35 A16 or SI 6 or S9, at 22'*C in serum-free IMDM medium. Without 

further washing these (peptide-loaded) RMA-S cells were incubated 



1:1 (v/v) with C57BL/6 nylon wool-passed spleen cells (B6 NWP SC) 
in 24-well culture plates: 4x10^ responder cells and 1x10^ 
stimulator cells in 1 ml of culture medium per well in IMDM medium 
supplemented with 10% FCS, penicillin (100 lU/ml) / kanamycin 
(100 M-g/ml) , and 2-ME < 2x10*5^) , For a primary CTL response NWP SC 
of non-immunized C57BL/6 mice were used. 

4. Generation of peptide specific CTL clones 

Bulk CTIi from primary Sendai NP peptide specific stimulated 
cultures as described under 3 were restimulated twice with peptide 
pulsed normal spleen cells. Subsequently Sendai peptide-specif ic 
CTL clones were obtained by limiting dilution procedures including 
the use of interleukin-2 rich medium to expand individual T cell 
clones (26) . Several Sendai peptide specific CTL clones were 
obtained this way. One clone investigated in detail had lytic 
ability against both peptide pulsed target cells and Sendai virus 
infected cells. Its activity against virus-infected target cells 
was indistinguishable from that of CTL clones generated from 
Sendai primed mice, with proven in vivo activity against virulent 
Sendai virus (27) , Therefore this type of clone might be active in 
adoptive transfer protection experiments. 

5. Induction of secondary CTL responses 

For secondary CTL responses NWP SC of C57BL/6 mice were used 
that were primed by one i.p, injection of 10^ hemagglutination 
units (HAO) of nonvirulent Sendai virus (lot 40340087, Flow 
Laboratories, stored at "7^*0 and used between 4 and 6 weeks after 
immunization as described (28) . 

6, Depletion of T cell subsets 

NWP SC were depleted for CD4+ cells and MHC class 11+ cells by 
treament with anti"CD4 mAB (1:40 dilution of hybridoma cultures SN 
of SN 172.4, (14) and anti-I-A^^ mAB (1:1000 dilution of ascites 
fluid of B17/2 63 and C and checked for efficacy by 
cytofluorimetry . In some experiments anti-I-A^ mAB was present 
during the culture (1:1000 dilution of ascites fluid of B17/2 63) . 



A^s a control the NWP SC were mock-treated with C alone. For 
blocking of CTL responses oy anti-CD8 mAto, the HPLC-purif ied 

— J -w. * rv««o ouucta J"** A JL a- o*. ^in. j.j.A<cij. V-1J.XUUXO11S in cne 

5-day culture: 1:50, 1:500, 1:5000. 

7, Cytotoxicity assays 

After 5 days of culture the effectors were harvested on a 
iymphoprep (Nycomed Pharma, Oslo, Norway) gradient and tested for 
cytotoxic function on 2000 ^^Cr-labeied target cells ranging from 
E/T 50 to E/T 0,8 in twofold dilution steps. The percentage 
specific s^Cr release was calculated by the formula: 

cpm experimental well - background 51cr release 

. X 100 

cpm 2% Triton X-100 - background ^^Cr release 

Background (medium) release . was always <25% of maximal (2% 
Triton X-100> release. The SE of triplicate culture was always <5% 
specific 51cr release* Cytolytic activity calculated from 
individual dose-response curves is expressed as lytic units per 10^ 
effector cells. Calculations were performed using linear 
regression. As target ceils served: B6 mouse embryo cells, treated 
for 2 days with 50 U/ml IFN-y at ST^'c, LPS-induced (30 ng/ml LPS-B, 
Bacto Lab-, Difco, Detroit, MI^ added to spleen cells for 5 days 
at 37 C) B cell blasts from C57BL/6 mice (LPS) or EL4 cell 
(thymoma cell line of C57BL/6 origin, expressing and D^) . Target 
cells were incubated for 15-30 min with peptides at 50 jiM A 16, 
50 S16 or 10 ^M 89 before adding them 1:1 (v/v) to effector 
cells at 37 C for 6h. Virus-infected target cells were prepared by 
incubating 10^ target cells with 300 HAU of nonvirulent Sendai 
virus in 1 ml of medium for 1 h or 12 h before labeling with ^icr 
(28). 

a. Direct peptide binding studies 

RMA and RMA-S cells were cultured for 36 h at 26^C in 
Iscove's medium supplemented with 2% human pooled serum. The 39 



peptide was iodinated by chloramine T-cataiyzed iodination to a 
specific activity of approximately 50 Ci/nunol. Cells were 
incubated with i25i-iabeled S9 peptide for 1-4 h at 26 C, washed 
three times with DMEM and lysed on ice in Triton X-100 lysis 
5 buffer (10 mM) Tris, pH 7.8/ 140 mM NaCl, 1% Triton X-100, ImM 

PMSF, 1 jig/ml trypsin inhibitor, 30 mTIU/ml aprotinin) . MHC class I 
molecules were immunoprecipitated using rabbit anti-H-2^ serum 
(29). Class I-associated peptide was quantitated by y-spectrometry . 
For determination of H-2 levels 10^ cells were iodinated using 

10 lactoperoxidase-catalyzed iodination* Subsequently cells were 

washed three times in PBS and lysed in Triton X-100 lysis buffer. 
H-2 antigens were precipitated from equal amounts of trichloro- 
acetic acid (TCA) -precipitable counts (30) using rabbit anti-H-2^ 
serum (29) . Immunoprecipitates were analysed by SDS-PAGE on 12% 

15 gels, and gels were exposed to Kodak (Rochester, NY) X-AR5 films. 
Results were expressed in arbitrary units. One unit is defined as 
the level of cell surface H-2 per cell and peptide binding per 
cell, respectively on RMA cells. 

20 Results 

1. Induction of primary viral peptide-specif ic CTL responses 
with peptide-loaded RMA-S cells 

The 16-mer adenovirus peptide (A16) used in this experiment 

25 was shown to sensitize target cells for lysis by a CTL clone 

capable of eradicating adenovirus El-induced tumors (26) • The 16- 
mer Sendai virus peptide (316) could sensitize target cells for 
lysis by specific H-2Kt>-restricted CTL and induce protective 
immunity against a lethal Sendai virus infection in C57BL/6 mice 

30 (12) , A16 and S16 peptides were incubated with 22**C cultured RMA-S 
cells. Primary CTL responses could be induced by RMA-S cells 
loaded with these viral peptides. The responses were specific for 
the inducing adeno and Sendai peptides (Fig. 1) . 



2. Peptide concentration required for induction of primary CTL 
responses with peptide-loaded RMA-S cells and for target cell 
lysis by a primary CTL bulk induced by peptide-loaded RMA-S cells 

Recent studies have demonstrated that a Sendai peptide of 
9aa, present as a minor species in preparations of synthetic 
peptides longer than 9 aa, binds with high affinity to the H-2K^ 
MHC class I molecule (4) . Peptide titration experiments showed 
that 50-fold lower concentrations of a 9-mer peptide than of a 16- 
mer peptide suffice for induction of a T cell response (Fig, 2A) . 
The same peptide titration was performed for sensitization of 
target cells. The results indicate that target cell sensitization 
is accomplished with about a 1000-fold lower peptide concentration 
than required for in vitro response induction (Fig. 2B) . 

3, Peptide-loaded RMA-S but not RMA cells can induce a specific 
primary CTL response 

We examined the presenting capacity of RMA-S cells and the 
parental cell line RMA after incubation with S9 peptide in primary 
CTIi responses (Fig. 3A) . A primary response was obtained only by 
stimulation of T cells with peptide-loaded RMA-S cells (Fig. 3A) . 
About 100-fold lower peptide concentration was required when the 
RMA-S cells were pre-cultured at reduced temperature (22°C) than 
at 37**C (fig. 3B) , corresponding with a similar ten^rerature 
dependence of MHC class I expression (Fig. 4) , RMA cells incubated 
with peptides at any concentration were non-stimulatory at either 
temperature (Fig. 3A) . 

4 . Primary peptide-specif ic CTL are cross-reactive on virus- 
infected cells 

Primary CTL responses induced with Sendai peptide-loaded RMA- 

5 cells were Sendai peptide specific (Fig, 1> and restricted 
(data not shown) and could lyse target cells expressing the 
antigenic determinant endogenously following virus infection (Fig. 
3A and B) . Lysis of the target cells infected with Sendai virus 
was dependent on the time of exposure to the virus. Target cells 
that were incubated with Sendai virus for 12 h were equally lysed 



as peptide-loaded target cells, whereas 1 h infected target ceils 
were only half -maximally lysed compared to peptide-loaded target 
cells <Fig. 3B) . This is not unexpected, since a longer infection 
time allows more viral epitopes to be presented by MHC class I 
5 molecules . 

5. Specific secondary CTL responses generated by both peptide- 
loaded RMA and peptide-loaded RMA-S cells 

In contrast to primary CTL responses, secondary responses 
10 were obtained with both peptide-loaded RMA-S and RMA cells (Fig. 
3C) . Higher levels of response were measured when RMA and RMA-S 
cells were precultured at 22^C to increase MHC class I expression 
(Fig. 3C) . Sendai virus-infected RMA-S cells, in contrast to 
Sendai-virus infected RMA cells, did not induce a secondary CTL 
15 response (data not shown) , in agreement with the notion that RMA-S 
cells have a defect in antigen presention via the endogenous 
pathway (18, 31) . 

6. Temperature dependence of MHC class I expression on RMA-S 
20 cells compared to RMA cells 

A similar expression pattern of Thy-1, CD45, LFA-la, LFA-lp 
and ICAM-1 is observed for RMA and RMA-S cells (9) . Expression of 
MHC class II molecules, B cell and monocyte/macrofage-specif ic 
markers is not demonstrable, nor of CD4 and CDS (9). RMA and RMA-S 

25 cells differ only for MHC class I (K^ and Db) cell surface 

expression <9) . Thus, none of the measured cells surface markers 
is altered by the selection of the RMA-S cell line with the 
exception of the molecule that was selected for, i.e. MHC 
moleculess. Moreover, of all markers tested only MHC class I 

30 expression on RMA-S and on RMA cells is strongly temperature 
dependent (9) , 

7. Relative levels of H-2 complexes and peptide binding on RMA 
and RMA-S cells 

35 To investigate further the difference in MHC/peptide 

expression between RMA and RMA-S cells, direct binding of S9 



peptide to class I molecules on these cells was measured in 
relation to H-2 ceil surface expression (rig. 4A and B) . 
Comparable binding of peptide onto RMA (26*'C) and RMA-S (26*'C> is 
observed with 1 ^iM 89 peptide and i nM SB peptide, respectively 
(Fig. 4 A) . Even at 20 ^iM the amount of peptide bound to RMA cells 
did not reach the amount of peptide bount to RMA-S cells observed 
at 1 pM (not shown), a minimally required concentration for primary 
response induction by peptide-loaded RMA-S cells (Fig. 3A and B) . 
Thus, RMA cells did not bind a comparable amount of peptide 
observed with RMA-S cells under conditions of primary response 
induction, not even at high peptide concentrations* Although 
peptide binding per cell on RMA and RMA-S cells only differs 
2,5-fold, peptide binding expressed per H-2 molecule on RMA-S 
cells is tenfold higher than on RMA-cells (Fig. 4B) , This shows 
the selective loading of MHC molecules on RMA-S with the exogenous 
peptide offered. 

8. CD4 cell- and MHC class II cell-independence of primary 
peptide-specif ic CTL responses induced by peptide-loaded RMA-S 
cells 

Removal of 004"*" and class II'^ cells from the responder 
population does not diminish the CTL activity generated with 
peptide-loaded RMA-S cells (Fig. 5) . Thus, primary responses 
induced by peptide-loaded RMA-S cells were completely CD4**" cell 
and class II independent . 

9, CD8 dependence of primary CTL responses induced by peptide- 
loaded BMA-S cells 

The primary CTL induction by peptide-loaded RMA-S cells can 
be blocked completely in the presence of anti-CD8 mAb in the 
culture (Fig. 6) . Also, at target ceil level, the effector 
function of a primary CTL bulk was blocked with anti-CDS mAb (data 
not shown) » 



Comynpni- 

For an extensive discussion of these results see (9) , This 
example shows successful induction of primary peptide-specif ic CTL 
5 responses in vitro utilizing the unique characterics of the RMA-S 
cell line as a stimulator cell. The resulting CTL responses are 
peptide specific (Fig, 1) and can lyse virus-infected target cells 
(Fig- 3A and 3B) . Peptide titration experiments show that lower 
concentrations of peptide are required when the peptide of optimal 

10 length is used (Fig. 2), consistent with the idea that only 

exogenous peptides of optimal length bind efficiently to the MHC 
class I molecules and are present in small amounts in preparations 
of longer peptides. The results also indicate that target cell 
sensitization (Fig, 2B) is accomplished with much lower doses of 

15 peptide than required for in vitro response induction (Fig. 2A) . 

Whereas the RMA-S ceil line is a good inducer of primary CTL 
responses in vitro, its parental cell line RMA is not (fig. 3A and 
3B) . RMA and RMA-S have thu:; far been found to differ only in cell 
surface expression of MHC class I molecules, the property for 

20 which RMA-S was selected. When co-stimulatory activity of RMA-S 
cells was tested by addition of unloaded RMA-S cells to cultures 
of peptide-loaded RMA cells no primary CTL response developed 
(data not shown). Thus, thf? likelihood of only a single relevant 
difference (MHC clasc T cxprcasion) between RMA and RMA-S cells 

25 and the assay on co-r,t i.-nul^tory activity do not support the notion 
of increased co-stimuldtory activity exerted by RMA-S in 
comparison with RMA. A pr^.-^jzy response induction can be 
established at lower p**pti-i«* -^.%centrations when RMA-S cells were 
precultured at 22^*0 corrpirr! 37'C (Fig. 3A and B) . None of the 

30 cell surface markers tr^*r-: • than MHC class I exhibits a 

temperature-dependent ex;.:.— -.:;. (Fig. 4). The enhanced expression 
of empty MHC molecules .ir ' r.'- - ..-face of RMA-S cells at low 
temperature apparently r*-;::'^*'-^ the induction of primary CTL 
responses <Fig. 3A ana L . '^;itible with a direct correlation 

35 between the number ot rr-^-:'* %\:y peptide-loaded MHC class I 
molecules at the cell z,-*^ • i i primary response induction . 



empty MHC class I molecules appear at the cell surface of RMA-S 
5 and RMA cells at low temperature that can be stabilized by 
exogeneous MHC-binding peptides. 

The amount of peptide bound to RMA-S cells on a per cell 
basis is 2.5-fold higher than on RMA cells (Fig, 4B) . The level of 
peptide binding on RMA-S cells at a concentration that will induce 

10 primary CTL responses, cannot be achieved on RMA cells, not even 
at high concentrations (Fig. 4A and data not shown). Although a 
2.5-fold difference does not seem large, it might favor the notion 
of a threshold level and/or density of relevant MHC/peptide 
complexes at the cell surface of the APC for induction of a T cell 

15 response. Another consideration is the efficient loading of empty 
MHC molecules on RMA-S cells (Fig, 4B) and the CD8 dependence of 
primary CTL responses induced by peptide-loaded RMA-S cells 
(Fig. 6), MHC molecules filled with irrelevant peptides are 
predicted to be largely absent from RMA-S cells, whereas the 

20 majority of MHC molecules on RMA contain irrelevant peptides. 

Consequently/ the TcR and CDS molecules on the CTL precursors are 
more likely to encounter the relevant MHC/peptide complex on RMA-S 
than on RMA cells • TcR and CDS on the CTL must interact with the 
same class I molecule (10, 11) . MHC class I molecules, whether 

25 they are filled with relevant or irrelevant peptide, serve as 
ligands for the CDS molecule. Therefore, class I molecules that 
are occupied with irrelevant peptides may interfere in the 
interaction of CDS with relevant MHC/peptide complexes and 
therefore prevent triggering of specific CTL in vivo. 

30 Removal of CD4''" and class II* cells from the responder 

population did not diminish the CTL activity generated with 
peptide-loaded RMA-S cells (Fig. 5) . Thus, primary responses 
induced by peptide-loaded RMA-S cells are completely CD4+ cell 
and class II independent. The peptides used in this study are 

35 presented by class I molecules and exclusively stimulate CD8+ CTL 
precursors. We postulate that CD8+ CTL are triggered by peptide- 



loaded RMA-S cells to produce their own lh-2 , thereby 
circumventing dependence on CD4+ cells or exogeneous IL-2. 

A variety of other cell types was tested for their capacity 
of inducing primary virus-specific CTL responses (data not shown) . 
The only other cells, in addition of RMA-S cells, reported to be 
capable of inducing primary peptide-specif ic CTL responses are 
dendritic cells (M.L.H. de Bruijn, J.D. Nieland, W,M. Kast and 
CJ.M. Melief , manuscript submitted) . However, dendritic cells can 
only be obtained in low numbers after laborious isolation 
procedures and so far have withstood attempts to continuously grow 
them as lines. Dendritic cells may have the capacity to stimulate 
primary CTL responses by different mechanisms such as their 
extremely large surface area, adhesive properties and low 
occupancy of cell surface glycans with sialic acids. 

Primary CTL response induction against autologous p53 tumor 
suppressor peptide loaded into empty HLA-A2.1 MHC class I 
molecules at the surface of 174CEM.T2 processing defective cells 

Methods 

1. Blood donors 

Blood donors were normal healthy blood donors expressing the 
HLA"A2,1 allele upon routine NIH microcytotoxicity HLA typing. 

2, Responder cells 

Responder T cells are included in mononuclear white blood 
cells (PBL) of an HLA-A2 , 1 positive healthy donor. The PBL were 
separated from a buffycoat by Ficoll procedure (Lymphoprep of 
Nycomed-pharma, Oslo, Norway, cat. no. 105033) and washed two 
times in RPMI 1640 (Gibco Paislan, Scotland/ cat. no. 041-02409) 
supplemented with 30% pooled human serum (tested for its capacity 
to support mixed lymphocyte cultures), 2mM glutamine (ION 
Biochemicals, Inc., Costa Mesa, CA, USA, cat. no. 15-801-55), 



penicillin (100 lU/ml, Brocades Pharma, Leiderdorp, The 
Netherlands), kanamycin (100 ^g/ml, Sigma, St. Louis, MO, USA). 

3. p53 Peptide 

5 A p53 peptide from the normal nonmutated p53 sequence with 

strong ability to bind to HLA-A2 . 1 by the assay described under 
Methods 4 was used for primary CTL response induction by peptide 
presentation on processing defective 174CEM.T2 cells. The sequence 
of this peptide is LLGRNSFEV. This peptide had a free carboxy 
10 terminus and was synthesized on a Biosearch (Millipore, Bedford, 
MA, USA) 9500 peptide synthesizer according to Merrifield (25)/ 
dissolved in PBS or serum-free Iscove's modified Dulbecco's medium 
(IMDM, Flow Laboratories, Irvine, Scotland) and stored at -20**C. 

15 4. Peptide binding to HL/\-A2 . 1 

(174 .CEM) T2 cells wcro washed twice in culture medium 
without FCS and put at a density of 2x10^ cells/ml in serum free 
culture medium. Of this suspension 40 ^il was put into a V bottomed 
96 well plate (Greiner Gn-liH, Frickenhausen, Germany: 651101) 

20 together with 10 ^il of the individual peptide dilutions (of 

1 mg/ml) . The end concf-Tt rat icr. is 200 iig/ml peptide with 8x10^ 
(174. CEM) T2 cells. Thic :;D:ution was gently agitated for 3 min 
after which an incubation tine of 16 hours at 37®C, 5% CO2 in 
humified air took place. Then cells were washed once with 100 ^l1 

25 0.9% NaCl, 0.5% bovine cerurr. aibumin (Sigma St, Louis, USA:A- 
7409), 0.02% NaN3 (Merck Curff-.stadt, Germany : 822335) . After a 
centrifuge round of 1200 zpn tr.e pellet was resuspended in 50 ^tl of 
saturating amounts of h:*A a: . : apecific mouse monoclonal antibody 
BB7.2 for 30 minutes at 4*7. Tr.en cells were washed twice and 

30 incubated for 30 minur*-'; w . r. r<db)2 fragments of goat anti-mouse 
IgG that had been con " t ^.rh fluoresceine isothiocyanate 

(Tago Inc Burlingame, Tx. .\ i tbO) in a dilution of 1:40 and a 
total volume of 25 ui . 

After the last ir. ..r . - . cells were washed twice and 

35 fluorescence was measur** 1 it < 3 nanometer on a FACScan 

f lowcytometer (Becron franklin Lakes, NJ, USA). 



Markedly increased immunofluorescence indicates binding to 
HLA-A2 . 1 , 

5. Induction of primary CTL response 

5 174CEM,T2 (T2) cells in a concentration of 2x10^ per ml were 

incubated for 13 hours at 37*^C in a T25 flask (Falcon, Becton & 
Dickinson, Plymouth, England, cat. no. 3013) in serum-free 
l3COve*s medium (Biochrom KG, Seromed, Berlin, Gemany, cat. no. 
F04 65) with glutamine (2 mMr ICN Biochemicals Inc., Costa Mes, CA, 

10 USA, cat. no. 15-801-55) and antibiotics as mentioned under 2 and 
p53 peptide at a final concentration of 80 jig/ml- Subsequently the 
T2 cells were spun down and treated at a density of 20x10^ cells/ml 
with Mitomycin C (final concentration 50 ^ig/ml) in serum-free RPMI 
1640 (manufacturer see 2) medium during one hour at 37°C. 

15 Thereafter the T2 cells were washed three times im RPMI 1640. 

Primary CTL responses were induced by filling all wells of a 96- 
well-U-bottom plate (Costar, Cambridge, MA, USA, cat. no. 37 99) 
with IxlOS Mitomycin-C treated T2 cells in 50 m-1 of medium {serum- 
free RPMI 1640 containing glutamine and antibiotics as mentioned 

20 before), containing peptide at a concentration of 80 jig/ml. To 

these stimulator cells were added 4x10^ HLA-A2.1 positive PBL in 
50 ul of medium to each well. Stimulator and responder cells were 
cocultured for 7 days at 37**C in an humidified incubator (90% 
humidity) and 5% CO2 in air. 

25 

6. Cytotoxicity assay 

As target cells served T2 cells, labeled with 100 jiCi ^icr for 
1 h at 37**C. After labeling the cells were washed twice with 
serum-free Iscove's medium, and then incubated for 60-90 minutes 

30 with peptides at 20 ng/ml in a cell concentration of 2x10^ cells 
per ml in serumfree Iscove's medium. The target cells were washed 
once more before adding them to the effector cells* Effector 
target ratio ranged from 20:1 to 2.5:1 in twofold dilution. 
Cytotoxicity function was tested on 2000 target cells per well in 

35 total volume of 100 jil RPMI containing 4% PCS and peptide at a 



concentration of 20 ^ig/ml per well. Total duration of the 
incubation time was 4 h at 37°C. 

The percentage sicr release was calculated by the formula: 

cpm experimental well - background ^^Cr release 
cpm 2% Triton X-100 - background ^^Cr release 

7, Cloning of CTL by limiting dilution 

On days 7 and 14 after primary response induction (see 5> the 
PBL (responder cells) were restimulated with peptide. To this 
purpose all cells were harvested, viable cells were isolated by 
Ficoll-procedure and washed in RPMI 1640. In a new 96-well-U- 
bottom plate 50,000 of these viable cells were seeded to each well 
together with ^1 medium I (RPMI (Gibco Paislan, Scotland cat. no. 
041-02409)), 15% pooled human serum, glutamine and antibodies as 
described. Per well 20/000 autologous, irradiated (2500 rad) PBL 
and 10,()00 autologous, irradiated (5000 rad) EBV transformed B 
lymphocytes were added together with 50 \il of medium II (RPMI 
(Gibco, Paislan, Scotland cat, no, 041-02409), 15% pooled human 
serum, glutamine and antibodies as described and peptide in a 
final concentration of 80 jig/ml . The cells were cultured for 7 days 
at 37**C in an incubator with 5% CO2 and 90% humidity. 

On day 21 after primary response initiation, the cultured 
cells were harvested. Viable cells were isolated by Ficoll- 
procedure and washed in RPMI 1640, This bulk of viable cells was 
cloned by limiting dilution. Into each well of a new 96-well-U- 
bottom plate (Costar, Cambridge, cat. no. 3799) 50 \il medium I was 
added together with 100, 10, 1 or 0.3 viable cells. 

To all the wells 20,000 pooled and irradiated (3000 rad) PBL 
of at least three different donors and 10,000 pooled and 
irradiated (10,000 rad) EBV transformed B-cells of at least two 
different HLA-A2.1 positive donors were added together with 50 \il 
of medium II, with peptide in a final concentration of 80 \ig/ml, 



Leuco-Agglutinin in a concentration of 2%, human recombinant IL-2 
in a concentration of 120 lU/ml (Eurocetus, Amsterdam). 

8. Expansion of CTL clones 
5 Individual wells of LD cultures were inspected regularly for 

cell growth. Cells from wells with expansive growth were 
transferred to larger culture volumes and repeatedly restimulated 
with irradiated PEL, HLA-A2 . 1 positive EBV B cells and p53 peptide 
as described under 7 and tested for cytotoxicity. Each CTL clone 
10 with peptide specific HLA-A2,1 restricted specificity was recloned 
at least once by the procedure outlined in section 7 . 

Reswlts 

15 1, Lytic activity of three HLA-A2 . 1 restricted CTL clones 
directed against autologous p53 peptide. 

The specific cytotoxic activity of three CTL clones 
specifically generated against p53 peptide LLGRNSFEV from PBL of a 
healthy donor by the procedures outlined in section 5, 7 and 8, is 

20 shown in Table 1, 



generated following primary peptide driven CTL response initation 



Clone CI 



10 



Clone D5 



15 



Clone AS 



20 



20 
10 
5 

2 . 

20 
10 
5 

2 , 

20 
10 
5 

2 . 



Percentage specific ^^Cr 
release from target 
T2-A8 T2-D6 T2 



62 
95 
79 
70 

85 
100 

89 
100 

100 
65 
76 
74 



0 
0 
0 
0 

0 
0 
6 
0 

0 
0 
0 
0 



0 
5 
0 
1 

12 
21 
12 
19 

5 
2 
8 
10 



The CTL Clones CI, A5 and D5 were obtained following an 
25 induction of primary CTL responses in vitro with A8 peptide loaded 
T2 cells. The clones were tested for specificity on peptide loaded 
SlCr labeled target cells ranging from E/T 20 to E/T 2.5 in twofold 
dilution steps. 

AS is a peptide of nine amino acids, derived from the wild 
30 type p53 protein. Peptide D6 is also derived from the wild type 

p53 sequence and is used as a negative control. Both peptides bind 
to the HLA-A2.1 molecule, as described in methods section 4. 

Sequence in one letter codes for the two peptides: 
A8: LLGRNSFEV; D6: RMPEAAPPV. Peptide titration experiments showed 
35 that 20 ng/ml of the A8 peptide was sufficient for target cell 

sensitization. The concentration used in this test was 20 |ag/ml . 
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The peptide-specif icity clone only lysed HLA-A2 , 1 positive 
target cells incxabated with p53 peptide and not HLA-A2.1 positive 
target cells not incubated with peptide or incubated with HLA-A2 . 1 
binding irrelevant peptide. This result indicates that it is 
possible to generate a CTL response against an autologous peptide, 
in this case a peptide of the p53 tumor suppressor gene product, 
entirely by in vitro induction of response in PBL from a healthy 
non- immunized HLA-A2 . 1 positive donor. 

Description of thp drawings 

Induction of primary CTL responses in vitro with peptide- 
loaded RMA-S cells. NWP SC of B6 unprimed mice were stimulated 1:1 
(v/v) once in vitro with RMA-S cells, pre-cultured for 36 h at 
22**C, only or incubated with 50 >iM A16 peptide or 50 SI 6 
peptide. Peptide was present during the 5-day culture at 25 pM 
concentration* The effectors were harvested and tested on B6 mouse 
embryo cells (MEC) and B6 LPS-induced B cell blasts (LPS) as 
target cells, without or with 50 |iM A16 and SI 6, respectively. 

Figure 2 

Peptide titration at induction level (A) and at target level 
(B) of primary CTL induced by peptide- loaded RMA-S cells. NWP SC 
of B6 unprimed mice were stimulated once 1:1 (v/v) in vitro with 
R3yiA-S cells, pre-cultured for 36 h at 22**C, incubated with 
different concentrations of S9 and S16 Sendai peptides. The final 
peptide concentration is indicated in the figure (A) . The 
effectors were harvested and tested on 36 mouse embryo cells with 
10 (iM S9 peptide. In (B) NWP SC of 86 unprimed mice were stimulated 
once 1:1 (v/v) in vitro with RMA-S cells, pre-cultured for 36 h at 
22**C, incubated with 10 )iM S9 peptide. The effector was harvested 
and tested on B6 mouse embryo cells with different concentrations 
of S9 and S16 Sendai peptides, as existed in the cytotoxicity 
assay. 
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Primary and secondary CTL responses induced by peptide-loaded 
RMA-S cells. For primary CTL responses NWP SC of B6 unprimed mice 
were used (A and B) . For secondary CTL responses NWP SC of B6 mice 
5 were primed once i-p. with non-virulent Sendai virus (C) . 

Different concentrations of S9 peptide were used to load RMA-S and 
RMA cells that were pre-cultured at 37<^C or 22*^0, Peptide-loaded 
RMA and RMA-S cells were cultured 1:1 (v/v) with B6 NWP SC for 5 
days with a final peptide concentration as indicated in the 
10 figure. EL4 cells were used as targer cells without or with 10 
89 or infected with nonvirulent Sendai virus for 1 h or 12 h 
before labeling with 5lcr. 

figure 4 

15 Direct peptide binding studies on RMA and RMA-S cells, RMA 

and RMA-S were cultured at 2 6^C for 36 h. i25i-iabeled 89 peptide 
(1 HM or 1 nM) was incubated at ZS^'C for 4 h at 2.5xl0« cells/ml in 
DMEM without serum. MHC class I molecules were iminunoprecipitated 
using rabbit anti-H-2*^ serum. Class l-associated peptide was 

20 quantitated by y-spectrometry • Results are means of duplicate 
experiments and shown in dpm after subtraction of normal serum 
control precipitates (A) . In (B) 26*'C pre-cultured RMA and RMA-S 
cells were surface iodinated and H-2 antigens were precipitated 
from equal amounts of TCA-precipitable counts using rabbit anti-H- 

25 2^ serum. The amount of cell surface H-2 on RMA-S cells is depicted 
relative to the amount on RMA-S cells, which is set at 1 arbitrary 
unit. Peptide binding was measured after 1 h of incubation at 26*C 
with 700 nM I25i_iabeled S9 peptide of 26^C pre-cultured RMA and 
RMA-S cells and subsequent immunoprecipitation with anti-H-2^ 

30 serum. The amount of class I-associated peptide on RMA-S cells is 
depicted relative to the amount on RMA-S cells, which is set at 1 
arbitrary unit. Similar results were obtained in three independent 
experiments . 



Primary CTL responses induced by peptide-loaded RMA-S cells 
are CD4**' cells- and class 11+ cell-independent. Responder cells 
were NWP SC of B6 unprimed mice (A) or NWP SC depleted for CD4"*' 
cells and class II"** cells by anti-CD4 (SN 172.4) and anti-I-A^ 
<B17/263) raAb and C treatment (C, D) . In (B) the NWP SC were 
mock-treated with C alone. In (D) anti-I-A^ mAb (317/263) was 
present during the 5-day culture. These responder cells were 
stimulated once 1:1 <v/v) in vitro with 22**C pre-cultured RMA-S 
cells incubated with 20 S9 peptide. The effectors were harvested 
and tested on EL4 target cells without or with 10 nM S9 peptide or 
infected with Sendai virus for 12 h before labeling with ^Icr. NWP 
SC and CD4+ cell-depleted NWP SC were tested in the completely CD4"*' 
cell-dependent B6 anti-bm6 allospecific CTL response as previously 
described (32) (data not shown) . Removal of CD4"*" ceils from the 
responder population completely abolished the B6 anti-bm6 CTL 
response, indicating that the CD4'*' cells were functionally depleted 
(32) . 

Figure § 

Primary CTL responses induced by peptide-loaded RMA-S cells 
are CD8 dependent. NWP SC of B6 unprimed mice were stimulated 1:1 
(v/v) once invitro with 22^*0 pre-cultured RMA-S cells incubated 
with 20 \iM SB peptide in the absence or presence of different 
dilutions of anti-CD8 mAb (53.6.7), as indica1:ed in the figure. 
After 5 days the effectors were harvested and tested on EL4 cells 
incubated with 10 S9 peptide. 
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE PROPERTY 
OK PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS: 



1. A process of inducing an antigen-specific T-lymphocyte 
response in a T- lymphocyte culture, comprising the steps of 
loading antigen-presenting vehicles which carry empty MHC 
molecules with an antigen-derived T-cell-immunogenic MHC- 
5 binding peptide, culturing T-lymphocytes in the presence of 
the peptide-loaded antigen-presenting vehicles under specific 
T-lymphocyte response-inducing conditions, and, optionally, 
isolating an antigen-specific T-lymphocyte from the resulting 
culture and culturing said isolated T-lymphocyte. 
10 2. The process of claim 1, wherein said antigen-presenting 
vehicles which carry empty MHC molecules comprise antigen- 
presenting cells having an antigen-processing defect. 

3, The process of claim 2, wherein said antigen-presenting 
cells having an antigen-processing defect are loaded with 

15 peptide at a temperature of from about 20^0 to about 37^C. 

4. A process of inducing an antigen-specific cytotoxic 
T-lymphocyte (CTL) response in a T-lymphocyte culture, 
comprising the steps of loading antigen-presenting vehicles 
which carry empty MHC Class I molecules with an antigen- 

20 derived T-cell-immunogenic MHC Class I-binding peptide, 

culturing T-lymphocytes comprising CDS'*" T-cell precursors in 
the presence of the peptide-loaded antigen-presenting 
vehicles under specific CTL response-inducing conditions, 
and, optionally, isolating an antigen-specific CTL from the 

25 resulting culture and culturing said isolated CTL. 

5, The process of claim 4, wherein said antigen-presenting 
vehicles which carry empty MHC molecules comprise antigen- 
presenting cells having an antigen-processing defect . 

6. The process of claim 5, wherein said antigen-presenting 
30 cells having an antigen-processing defect comprise murine 

RMA-S cells or human 174. CEM T2 cells. 



vehicles which carry empty MHC Class I molecules are loaded 
with an antigen-derived T-cell-immunogenic MHC Class I- 
binding peptide having from about 8 to about 11 amino acids. 

9. The process of claim 4, wherein said culturing under 
specific CTL response-inducing conditions of T-lymphocytes 
comprising CDS"*" T-cell precursors is carried out in the 
presence of both the pept ide-ioaded antigen-presenting 
vehicles and substances supporting said CTL response 
initiation culture. 

10. The process of claim 4, wherein said antigen-specific 
CTL response is a primary CTL response induced in a naive T- 
lymphocyte culture. 

11. The process of clairr. 4, wherein said CTL response is 
specific for an autologous antigen from which said T-cell 
immunogenic MHC Class I -binding peptide is derived. 

12. A process of inducing an antigen-specific helper 
T-lymphocyte response ii\ a T- lyxphocyte culture, comprising 
the steps of loading ant i gen -presenting vehicles which carry 
empty MHC Class II molecules with an antigen-derived T-cell- 
immunogenic MHC Class Tl-blnJing peptide, culturing 
T-lymphocytes comprising CL^r T-cell precursors in the 
presence of the peptide- lo^jeu antigen-presenting vehicles 
under specific helper T*lynpn>cyte response-inducing 
conditions, and, optionally. .:oIating an antigen-specific 
helper T-lymphocyte from t r.^ :<?5ulting culture and culturing 
said isolated helper T-lyr:*, ,tc. 

13. The process of clai? ::. -•'•rein said antigen-presenting 
vehicles which carry erp:v k,* * II molecules are loaded 
with an antigen-derived T- - . . - ; r^nunogenic MHC Class II- 
binding peptide having fr:,? 10 to about 18 amino acids. 

14. Antigen-specific T obtained by a process of 
inducing an antigen-cpAc: f . 7 lymphocyte response in a T- 



lymphocyte culture, comprising the steps of loading antigen- 
presenting vehicles which carry empty MHC molecules with an 
antigen-derived T-cell- immunogenic MHC-binding peptide, 
culturing T-lymphocytes in the presence of the peptide-loaded 
5 antigen-presenting vehicles under specific T-lymphocyte 

response- inducing conditions, isolating an antigen-specific 
T-lymphocyte from the resulting culture and culturing said 
isolated T-lymphocyte. 

15. A pharmaceutical composition comprising an 

10 immunologically effective amount of an antigen-specific T- 
lymphocyte and a carrier, diluent or adjuvant therefor, said 
antigen-specific T-lymphocyte being obtained by a process of 
inducing an antigen-specific T-lymphocyte response in a T- 
lymphocyte culture, comprising the steps of loading antigen- 

15 presenting vehicles which carry empty MHC molecules with an 
antigen-derived T-cell-immunogenic MHC-binding peptide, 
culturing T-lymphocytes in the presence of the peptide-loaded 
antigen-presenting vehicles under specific T-lymphocyte 
response-inducing conditions, and, optionally, isolating an 

20 antigen-specific T-lymphocyte from the resulting culture and 
culturing said isolated T-lymphocyte, 

16. A pharmaceutical composition comprising an 
immunologically effective amount of an antigen-derived T- 
cell-immunogenic MHC-binding peptide and a carrier, diluent 

25 or adjuvant therefor, wherein said antigen-derived T-cell- 
immunogenic MHC-binding peptide is capable of inducing an 
antigen-specific T-lymphocyte response in a process 
comprising the steps of loading antigen-presenting vehicles 
which carry empty MHC molecules with the antigen-derived T- 

30 cell-immunogenic MHC-binding peptide, and culturing 

T-lymphocytes in the presence of the peptide-loaded antigen- 
presenting vehicles under specific T-lymphocyte response- 
inducing conditions. 

17. A process of identifying T-cell- immunogenic peptides in a 

35 group of candidate peptides, comprising the steps of synthesizing 
the candidate peptides, testing which of these candidate peptides 



vehicles wnicn carry empty nnu w^...^ — — , — 

presenting cells having an antig n-processing defect. 
19. The process of claim 18, wherein said antig n-presenting 
cells having an antigen-processing defect comprise murine 
RMA-S cells or human 174. CEM T2 cells. 
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